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0 Luminescent screen and low-pressure mercury vapour discharge lamp provided with such a 
screen. ^ 

® A luminescent screen (1,4) provided with a 
zirconium-and/or terbium-activated silicate (4) having 
an apatite crystal structure according to the formula 

Ln,o.x^Mx "TbpZrq(SiO.)6.y(M"'0.)yOx*y^N 2.x.y*qln 
this formula. Ln is at least one of the elements Y, La 
and Gd.M" is Mg, Ca and/or Sr and M'" is Al and/or 
B. It further holds that : 

^0 £x £ 1.9 0 ^ p ^ 3 
M 

Q)0^y ^ LSO^q^x + y 
CO 

^x+y S 1.9 0.1 i p+q. 
O 



a. 

U4 



Xerox Copy Centre 



©est 



1 



0 206 393 



2 



♦ 



Luminescent screen and low-pressure mercury vapour discharge lamp provided with such a screen. 



The invention relates to a luminescent screen 
provided with a luminescent layer which is fonned 
on a carrier and comprises a luminescent silicate 
having an apatite crystal structure. The invention 
further relates to a low-pressure mercury vapour di- 
scharge lamp provided with such a luminescent 
screen. 

The Netherlands Patent Application 8006223 - 
(PHN 9879) laid open to public inspection dis- 
closes luminescent screens comprising lumines- 
cent silicates of an alkaline earth metal and of a 
rare earth metal, these silicates having the hexag- 
onal apatite crystal structure and corresponding to 
the general formula MeaLnb(A04)«X2. In this formula 
9^a+b^10 and Ln represents gadolinium and, 
as the case may be, yttrium and/or lanthanum. Me 
is an alkaline earth metal, such as Ca, Sr. Ba, Mg 
and Zn, while Ar represents silicon, phosphorus 
and/or boron. X represents halogen, oxygen and. 
as the case may be, vacant sites. These known 
luminescent silicates are activated by lead or by 
lead and terbium and/or manganese. Such lumines- 
cent silicates, which, however, do not contain 
gadolinium and are activated by antimony, lead, tin, 
antimony and mangariese or lead and manganese, 
are also described in the Netherlands published 
Patent Application 7005708 {PHN 4817). 

The element terbium is a frequently used ac- 
tivator for luminescent materials because it gives 
rise in many crystal . lattices to a very efficient 
luminescence, in which the characteristic green 
Tb^* emission is produced. Upon excitation by 
excitation by ultraviolet radiation, however, it is 
required for obtaining an efficient luminescence 
that the luminescent material is exdted by radiation 
having a wavelength lying at the maximum or very 
close to the maximum of the excitation spectrum of 
the material. An important applicationof such ma- 
terials is found in low-pressure mercury vapour di- 
scharge lamps.. In such lamps, mainly ulti'avioiet 
radiation having a wavelength of about 254 nm is 
produced. A great disadvantage of many Tb-ac- 
tivated materials is that the maximum of the excita- 
tion band of the terbium is found at wavelengtiis 
lying comparatively far from 254 nm. In those 
cases, an efficient luminescence can be obtained 
only if the excitation energy is first adsort)ed in a 
second activator, after wnich this energy is trans- 
ferred to tiie terbium. During this aosorption and 
transfer, of course losses may occur. 

The invention has for its object to provide 
luminescent screens comt)nsing new luminescent 
materials and more particularly matenals which are 
activated by terbium and which can be directly 
excited in the terbium. 



According to the invention, a luminescent 
screen of the kind mentioned in the opening para- 
graph is characterized in ttiat the silicate corre- 
sponds to the formula 

5 

Lnio.x^H,M/TbpZrq (SiO06.y(M'"O*)yOx.y^N2.x. 
y^qwhere Ln represents at least one of the ele- 
ments Y, La and Gd. f^" represents at least one of 
the elements Mg, Ca and Sr and M"' represents Sat 
70 least one of the elements A1 and B and where 

0^x^1.9 

0 Sy ^ 1,9 

75 

x+y ^ 1.9 
0:Sp^3 

20 O^qSx+y ^ 

0.1 S p + q. 

It has been found that nitrogencontaning sili- 
cate apatites on tiie basis of the lattice LnM(si04)cN2 

25 where Ln represents the elements Y, La and/or XSd,. 
Term luminescent materials upon a suitable activa- 
tion. Materials having a very efficient luminescence 
upon excitation especially by ultraviolet radiation 
are obtained with the activator elements terbium 

30 and zirconium, which are substituted at Ln sites. 
The apatite fundamental lattices Ln(SiO«).N, .are 
known ger sg; see, for example. Rev. Chim. Miner., 
1975, 12 (3). 253-67 and J. Mater. Sci., 1976, 11 - 
(7) 1305-9. 

35 it has been found that in these lattices the Ln 
can be partiy replaced by one or more of the 
elements Mg, Ca and Sr and the Si can be partiy 
replaced by A1 and/or B. whilst the apatite crystal 
structure remains unchanged. With both substitu- 

40 tions, the same molar quantity of N has to be 
replaced' by O in order to obtain a charge com- 
pensation. It has been found that a continuous 
sequence of compounds with decreasing nitrogen 
content is possible between the compound Lnw 

45 (SiO»)»N, and the compounds only containing oxy- 
gen Ln,M",(SiO4)0i and Ln.o(SiO*)*(M '"0*),0,. It has 
been found that the niti-ogen-containing silicates 
and the silicates only contianing oxygen have a 
different excitation spectrum upon activation by ter- 

50 bium. A great advantage of the terbium-activated 
silicates according to the invention is that by a 
suitable choice of the N-to-0 ratio the location of 
the maximum of the excitation spectrum can be 
adapted within certain limits to a value desired for 
a given application. 
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It appears from the aforementioned formula 
and conditions for tfie luminescent silicates of lu- 
minescent screens according to the invention that 
at most 1 .9 mol of the In can be replaced by Mg, 
Ca and/or Sr (x ^ 1 .9) and also at most 1 .9 mol of 
the SiO« can be replaced by AlO. and/or BO«{y^ 
1.9). If at the same time substitutions of both Ln 
and SiO. take place, these substitutions altogether 
are also at most 1.9 (x + y i 1.9). In fact it is 
necessary that the luminescent silicate contains a 
minimum quantity of nitrogen (0.1 mol of N per mol 
of silicate). Upon activation by only Tb (q = 0). the 
terbium content g is at least 0.1 because at smaller 
values of £ too low luminous fluxes are obtained 
due to too low an absorption of exciting radiation. 
The terbium content is at most 3 because at higher 
values too small luminous fluxes are obtained due 
to concentration quenching. The terbium-activated 
silicates have the characteristic green line emission 
of Tb^*. Experiments which have led to the inven- 
tion further have shown that upon activation by 
tetravalent zirconium luminescent silicates are ob- 
tained which luminesce efficiently in a band in the 
deep blue to near ultraviolet part of the spectrum. 
With a partial substitution of the Ln^* ions by the 
tetravalent Zr ions, an equimolar quantity of the Ln 
has to be replaced by M" and/or an equimolar 
quantity' of the SiO* has to be replaced by M'^Oi. 
Thet zirconium content g is chosen to lie between 
the values 0.1 and 1.9 (the maximum value of the 
overall M"-and/or M"0* substitution). 

Upon activation by zirconium, the optimum re- 
sults are obtained if yttrium is chosen for In. 
Therefore, luminescent screens are preferred which 
are characterized in that Ln is yttrium and p = 0. 

Upon activation by terbium, it is advantageous 
to use silicates in which lanthanum ischosen for Ln. 
These luminescent silicates in fact have a high 
quantum efficiency and a very high absorption of 
the excitating radiation, especially when used in 
low-pressure mercury vapour discharge lamps, as 
a result of which high luminous fluxes can be 
obtained. A partial substitution of Ln by M" andO/or 
of SiO* by BO«.in Uiese silicates furtiier leads to an 
increase of the quantum efficiency. Therefore, lu- 
minescent screens according to the invention are 
preferred, which are characterized in tiiat tiie sili- 
cate corresponds to tiie formula 

La,o.xs,M x'^p(SiO,)6^(BO.)yOHryN2,x,y. 

With such screens the optimum results are 
obtained if in the silicate lanthanum, which is re- 
placed in part by gadolinium is chosen for Ln. 
These terbium-activated silicates in fact have the 
highest quantum efficiency. A preferred embodi- 
ment of a luminescent screen according to the 



invention is therefore characterized in tiiat ihe sili- 
cate conresponds to the formula 

La,o.x.p.«Gd,Mx»Tbp(Si04)6.y(BOOyO«. yN2.x.y. in 
5 which 0.5 ^ z ^ 5.0. 

An advantageous application of the lumines- 
cent screens is found in low-pressure mercury vap- 
our discharge lamps because in these lamps the 
luminescent silicates are excited to the optimum. 

10 The maximum of the excitation spectrum of Uie 
silicates, in fact can be adequately adapted by a 
suitable choice of ttte 0-to-N ratio to the 254 nm 
radiation produced in these lamps. 

The luminescent silicates can be obtained by a 

IS solid state reaction at a high temperature of a 
mixture of starting materials formed from oxides of 
the constituent elements or from compounds yield- 
ing these oxides upon an increase in temperature. 
The nitrogen is mostly added to the mixture as 

20 SI,N4, wherein in general an excess of nitrogen, for 
example, of a few tens of nioi.%, is used. Likewise 
a small excess of silicon, for example of about 10 
moL %, can be used to favour the procedure of the 
solid-state reaction. The mixture Is heated once or 

25 several times at a temperature of 1200 to 1700'C 
in a weakly reducing atmosphere, the luminescent 
silicate tfius being formed. 

Embodiments ofthe luminescent silicates siiit-^ 
able for a luminescent screen according to, tiie. 

30 invention will now be described more fully vyithr 
reference to a drawing, an example of preparation 
and a number of measurements. 

In the drawing: ' '-'^ 

Rg. 1 shows a low-pressure mercury vapdur 

35 discharge lamp according to the invention, and - 
f=ig. 2 shows the spectral energy distribution bif 
the emission of a zirconium-activated silicate. 

Rg. 3 shows the emission spectrum of a 
terbium-activated silicate. 

40 Rg. 1 shows diagrammaticaliy and in sectional 
view a low-pressure mercury vapour discharge 
lamp provided with a tubular glass wall 1. At ttie 
ends of the tamp there are arranged electrodes 2 
and 3. between which the discharge is maintained 

45 during operation. The lamp is provided with a small 
quantity of mercury and with a rare gas as a 
starting gas. The wall 1 constitutes the carrier for a 
luminescent screen and is provided at the inner 
surface with a luminescent layer 4, which com- 

50 prises a luminescent silicate according to the in- 
vention. The layer 4 can be applied to the wall 1 in 
a usual manner, for example by means of a sus- 
pension comprising the luminescent silicate. 

55 
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Example 1. 

A mixture was made of 
0.648 g of CaCO, 
5.847 g of Y,0, 
1.672 g of SiO, 
0.638 g of ShN. 
2.086 g of 2rOC12.8H,0. 

This mixture was heated in a crucible of AlsOj for 
one hour at 130O''C in a closed furnace, through 
which was passed a flow (5 l/min) of nitrogen 
containing 5 % by volume of hydrogen. After cool- 
ing and pulverization, the product obtained was 
heated once more for one hour at 1400'C in the 
same atmosphere. After cooling and homogeniza- 
tion. a zirconium-activated silicate was obtained 
according to the formula 

ZrCaY,(Si04)(N,. It was shown by X-ray diffraction 
analysis that this silicate (like all following exam- 
ples of luminescent silicates according to the in- 
vention) had the apatite crystal structure. Upon 



excitation by short-wave ultra-violet radiation - 
(mainly 254 nm). the silicate showed a blue emis- 
sion in a band having a maximum at about 425 nm 
and a half-value width of about 105 nm. The spec- 

5 tral energy distribution of this emission is shown in 
Rg. Z. In this Rgure. the wavelength X in nm is 
plotted on the abscissa and the relative radiation 
intensity E in arbitrary units is plotted on the or- 
dinate. The silicate had a quantum efffdency of 47 

70 %. while the absorption of the exdt'ng 254 nm 
radiation was 75 %. 

Examples 2 to 18. 

75 In a manner similar to that described In Exam- 
ple 1. a number of terbium-activated luminescent 
silicates of different compositions were prepared. 
The required terbium was added to the starting 
mixture as Tb^Oy. The formulae of these silicates 

20 and the results of the measurement of the quantum 
efficiency (QE in %) upon excitation by 254 nm 
radiation and the absorption (A in %) of the exciting 
radiation are indicated in the following Table. The 
emission of these silicates is the characteristic 

25 Tb^*line emission. Fig. 3 shows the spectral en- 
ergy distribution of the emission of the silicate 
according to Example 2. 
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13 
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Y5Tb(SiOj^)gN2 

LagTb(Si0i^)gN2 1) 
^•^8. 5"^^ 1. 5 6^2 

Y^'5CaTb^*^(SiO^)gON 

^7!5^^l!5^^^°4)6°^' 
La^^.CaTb^ 5(SiO^)gON 

La^ ^SrTb^_.(SiO^)gON 

LagTb(SiO^)__.(A10;^)Q 30o^5N,^3 
LagTb(SiO^)5(A10^)ON 

LagTb(SiOi^)5(BO^)ON l) 
Lag^^Tb^_.(SxOi^),(BO^)ON 

^^8.5'^^1.5(^^°'^^i^.5^^^^.5°l.5^0.5 
^8.5^1.5^^^°i^^.25^^°i^^.75°1.75^0.25 
. 5^^2T^ 1 . 5 ^ ) 4 . 5 ) 1 . 5*^1 . S^'^O . 5 
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1) The maximum of the excitation spectrum of 
the silicates according to Example 3: La«Tb(SiO«)- 
iN, and according to Example 13 : La»Tb(SiO«)s* 
(BOOON^and of the silicate only containing oxygen 
(not in accordance with the invention) : La^TbCSIO*)- 
4(B04)jO» is found at : 257. 240 and 236 nm, 
respectively. 



Claims 

1. A luminescent screen provided with a lu* 
minescent layer which is formed on a carrier and 
which comprises a luminescent silicate having an 
apatite crystal structure, characterized in that the 
silicate corresponds to the formula : 

Ln,o.x-^M x"TbpZr,,(Si0.)8.y(M'"0.)y0x.y^N2.,. 
y.pwhere Ln represents at least one of the ele- 
ments Y, La and Gd. M" represents at least one of 
the elements Mg, Ca and Sr and M'" represents at 
least one of the elements Al and B and where 



35 



0^x^1.9 
OSy 5 1.9 
x+yi1.9 
0:Sp^3 
^ OSqix+y 



0.1 5 p + q 

2. A luminescent screen as claimed in Claim 1 , 
characterized in that Ln is yttrium and p = 0. 

3. A luminescent screen as claimed in Claim 1, 
characterized in that the silicate corresponds to the 
formula Laio.x.pMx"Tbp(SiO*)6.y(B04)yOx*y Na.^^. 

4. A luminescent screen as claimed in Claim 1 
characterized in that the silicate corresponds to the 
formula La io-x.p.2Gd2Mx"Tb p(SI04)6.y(BO«)yOx.yN2.x. 
y. where 0,5 S z 5 5.0. 

5. A low-pressure mercury vapour discharge 
lamp provided with a luminescent screen as 
claimed in any one of Claims 1 to 4. 



so 



55 



BESTAVWU«l£ 



FIG.1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application numoer 



EP 86 20 0961 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy 



Citation of document with indication, whertt appropriate, 
at relevant passages 



Relevant 
to claim 



CUSSIFICATION OF THE 
APPLICATION (Int CI>J 



EP-A-0 052 398 (PHILIPS) 
* Claims 1-8 * & NL - A - 8 
223 (Cat. D) 



006 



C 09 K 11/79 



TECHNICAL FIELDS 
SEARCHED (Int. CI*} 



C 09 K 11/00 



The present search report has been drawn up lor all claims 



Place ot saarcn 


Date of completion of the searcn 




THE HAGUE 


19-09-1986 


DROUOT M.C. 



CATEGORY OF CITED DOCUMENTS 

X paniculahy relevant if taken alone 

Y ' particularly relevant if comDtned with another 

document of the same category 
A technological background 
O - non-written disclosure 
P : intermediate document 



T : theory or pnnciple underlying the invention 
E : eartier patent document, but published on. or 

after the filing date 
O : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



